Introduction 9
Agro-ecosystems are nature transformed by humans (González de Molina and Toledo, 2011; 10 external inputs (in 1999). These external inputs were mainly livestock feed imports to sustain the 1 present specialisation in feedlot meat production, which is tightly linked with a global agri-food 2 system that depends on the availability of cheap fossil fuels.
3
Section 2 introduces the case study location, describes agro-ecosystem energy inputs and 4 outputs, and explains the EROI formulas. Section 3 presents the EROI results for this case study.
5
Section 4 discusses those results while Section 5 outlines some general conclusions and 6 opportunities for future research. 2. Case study description, concepts and methods 10 
Sources and description of the case study

11
The Vallès County study area is a small plain situated in a tectonic basin between Catalonia's 12 littoral and pre-littoral mountain ranges in northeastern Spain. Its diverse geological substrata 13 and precipitation above the Mediterranean average (600-800mm) created a considerable variety 
5
From 1860 to 1999 forest and scrubland increased to 55% and cropland decreased by 67% 6 ( Figure 2 ). The main crop cultivated in 1860 was vineyards, which, after the Phylloxera plague, 
14
move between trophic levels, transformed into work or heat, etc. These processes, together with the losses are 15 depicted in the figure but not explained in the text, as they are not under the scope of the study. Graph created with
External inputs 1
External Inputs include all agro-ecosystem inputs coming from outside the system boundaries 2 (Table 2) . Labour is accounted by the fraction of the average diet of the farm operators that Like in many pre-industrial farm systems around 1860, External Input had no fossil fuel 16 components; domestic residues, human labour and humanure were the only inputs. By 1999, in 17 contrast, the main External Inputs were imported animal feed, the embodied energy in that feed, 18 electricity consumption, machines and fuel. flows. Otherwise, they would be accounted first as cropland produce and a second time after 10 having passed through the livestock subsystem. Hence, they have no numerical value in Figure 3 , 11 although the energy flow from livestock to farmland is represented. Even though they do not 12 contribute directly to the EROI assessment, they connect to External Inputs since managing 13 manure and using draught animals require human labour. in by-products (see Tables 5 and 6 ). The NPP act value of fallow land (where there is neither NPP h 6 nor losses) is estimated to be the same as in pastures.
19
Energy outputs
7 Table 5 . Data to calculate the NPP h of cropland in the Vallès County farm system, c.1860 product from crop types before being processed, e.g. grape juice (to make wine). By-products are the part of the crop 20 plant that was also collected but was not the main goal (and so its appearance in statistics is not always clear), e.g. 
12
(Forthcoming).
13
The NPP act from grassland and forest and scrubland includes the annual biomass production of 
18
These estimates do not include belowground biomass as few studies that assess this component. 
19
Harvested and unharvested Net Primary Productivity
22
In absolute terms actual Net Primary Productivity (NPP act ) did not change between 1860 and 23 1999 in Vallès County (Table 12) , however, it increased by 24% on a per hectare basis (Table   24 11). This is because the significant amount of land given over to urban development reduced human food and livestock feed represented a typical limitation of pre-industrial farm systems.
11
However, specialization on meat production by 1999 was now possible because the farm system 12 had become embedded in a global agri-food production system reliant on fossil fuels, which 13 eliminated the human-livestock food competition and dramatically expanded the system's feed 14 production capacity as well. 
Comparison with other EROIs in agriculture 8
The decreasing pattern in Edible Energy Efficiency contrasts with others found in the literature. 
20
Evaluating EEE by taking only human labour as the input (Table 10 ) makes the 1999 system 21 appear more efficient than that of 1860. This is the typical result found when studying the 22 transition from traditional to modern modes of agriculture since the use of fossil fuels increased 23 labour productivity at the cost of energy efficiency (Krausmann, 2004 between crop production and meat production systems.
11
The NPP act values in Vallès County followed the same trend as those described for southern 
Importance of other energy flows not included in EROIs.
28
In 1999, part of the biomass potentially reusable became "waste", e.g. stubble burnt on the fields 1 and manure slurry accumulated in pools, as its production overwhelmed the absorption capacity 
Concluding remarks
21
The Vallès County farm system in 1860 was a non-fossil fuel agro-ecosystem producing wine for 22 market and wheat for self-consumption and supporting low livestock densities. By 1999, it had 23 become a farm system oriented towards the production of meat in feedlots integrated into a 24 global agri-food system, one possible only due to the availability of cheap fossil fuels. Phytomass, the absolute decrease of harvested Net Primary Productivity (possible due to the 7 integration into the global agri-food system) and the decrease of Final EROI.
8
This EROI assessment misses some information, such as losses or wastes that appeared in 1999. This flow is important for understanding pollution problems derived from high livestock density 10 in feedlots, but does not affect the EROI assessment.
11
Further investigation is needed to link biomass reused with the structure of the land cover Guzmán, G., Aguilera, E., Soto, D., Cid, A., Infante, J., Garcia-Ruiz, R., Herrera, C., Villa, I., Table 12 
